Childhood overweight/obesity and poor mental health are major public health problems in many countries. 1, 2 Although results of numerous studies have demonstrated a positive association between these problems, the majority of studies describe cross-sectional associations in clinic-referred populations. 3, 4 Although cross-sectional studies can be used to determine the strength of the association between overweight/obesity and mental health problems, data from prospective studies are required to enable better causal inferences and to understand the impact of changes to overweight/obesity on mental health outcomes. 5 To date, few prospective studies have been performed to examine the relationship between overweight/obesity and mental health problems experienced by children in the general community. [6] [7] [8] [9] [10] Results from these studies have been inconsistent, possibly because of differences in the age of participating children and the methods employed to assess participating children. In a prospective study in which investigators used data from the Eunice Kennedy Shriver National Institute of Child Health and Human Development Study of Early Child Care and Youth Development (N ϭ 1254), Bradley et al 9 observed no clear relationship between BMI and mental health problems before school entry. However, beginning in first grade, higher BMI was associated with subsequent internalizing problems for boys and girls but not with later externalizing problems. Bradley et al noted that a limitation of the study was that mothers were the only informants who described children's emotional and behavioral problems. Datar and Sturm 10 used a 9-item social rating scale to assess the relationship between BMI and mental health problems in a nationally representative sample of US children who attended kindergarten in 1998. In these children a transition from nonoverweight to overweight between kindergarten and third grade was associated with increased teacher-reported internalizing and externalizing problems among girls but not among boys. It is perhaps surprising that boys who became overweight subsequently had fewer teacher-reported externalizing problems than boys who remained at normal weight. 10 A limitation of this study was the brevity of the questionnaire used to assess mental health problems and the lack of information about the questionnaire's psychometric characteristics. In another study of a large cohort (N ϭ 2875) of Australian children born during 1981-1983, Lawlor et al 11 found no association in boys or girls between being overweight at 5 years of age and having emotional and behavioral problems at 14 years. This study may have been limited by the low prevalence of obesity in this birth cohort, particularly among 14-year-old girls, and the use of mothers as the sole informant about children's problems.
In this study we addressed limitations of previous work by using a large population-based cohort of young children living in the Australian community, who were followed prospectively from 4 to 8 years of age. Standard measures of mental health problems and healthrelated quality of life (HRQoL) completed by parents and teachers were employed to assess children's mental health and functioning at both ages. [12] [13] [14] [15] The goals of the study were to investigate the relationship between children's BMI at 4 to 5 years of age and changes to children's BMI between the ages of 4 to 5 and 8 to 9 years, and children's level of mental health problems and HRQoL at 8 to 9 years of age.
METHODS

Study Design and Sample
Participants were children recruited to wave 1 of the national Longitudinal Study of Australian Children (LSAC) in 2004 when they were aged 4 to 5 years. In this study we also used data from wave 3, which was conducted in 2008 when children were aged 8 to 9 years.
The LSAC sampling design and field methods have been fully described elsewhere. 16 In brief, participants were recruited from Australia's national Medicare database by use of a 2-stage clustered sample design stratified geographically first by state and then by capital city versus "rest of State" areas, and clustered by postcode within each stratum. Of the 9893 children initially identified, parents of 4983 agreed to participate, 3408 declined to participate, and 1502 could not be contacted (it is not known how many of these latter children had moved and were erroneously included in the sampling frame). 16 The response rate was 50.4%, or 59.4% if those who could not be contacted were excluded.
The sample for our study comprised 3363 children. Of the 4983 children who completed wave 1, 1617 had withdrawn from the study or provided incomplete questionnaire data in wave 3. An additional 3 children were deleted from the analyses because there were clear errors in their BMI score (eg, height less than the first percentile and weight substantially more than the 97th percentile), although their deletion did not alter the results. Table 1 shows that, compared with the children who participated in this study, children lost to follow-up more commonly came from an indigenous background, had a higher BMI at 4 to 5 years of age, had higher parent-and teacher-rated Strengths and Difficulties Questionnaire (SDQ) total difficulties scores, and lived in more socioeconomically disadvantaged families. Teacherreported SDQ outcome data were available for 3102 schoolchildren.
Procedure
At both assessments, trained interviewers visited participants at home. The primary caregiver, usually the biological mother, completed a face-toface interview and self-completed questionnaires. 16 Children's physical measurements were completed during the home visit. Written informed consent for participation was obtained. Consent was also sought to mail questionnaires to teachers who had at least 8 hours of contact per week with participating children. The study protocol was approved by the Australian Institute of Family Studies ethics committee.
Measures
Mental Health Problems
Children's mental health problems were assessed by using the 25-item SDQ, which was completed by primary caregivers and teachers. 12, 13 Items were questions about children's functioning over the previous 6 months. Possible responses were in the form of a 3-point Likert scale with scores of 0, 1, or 2 for not true, somewhat true, or certainly true, respectively. There were four 5-item problem scales labeled emotional symptoms, conduct problems, hyperactivity, and peer problems, plus a fifth scale labeled prosocial. A total difficulties score was based on the sum of items from the problem scales. Higher scores indicate more problems, except for the prosocial scale, for which higher scores indicate more prosocial behavior. 12, 13 Recommended cutoff scores were used to identify children scoring in the "abnormal" range on each scale. 17 
Health-Related Quality of Life
Children's HRQoL was assessed by using the 23-item Pediatric Quality of Life Inventory-4.0 (PedsQL), which was completed by primary caregivers. 14, 15 On the basis of the extent of children's problems during the last month, respondents answered each item using a 5-point scale with end points labeled "never" and "almost always." The questionnaire yielded a total score and scores on 4 scales that were used to assess children's level of problems with their physical functioning (8 items), emotional functioning (5 items), social functioning (5 items), and school functioning (5 items). We calculated scale scores by dividing the sum of the items by the number of items. The resulting score was then linearly transformed to a scale of 0 to 100 in which higher scores indicated better quality of life. 14, 15 Recommended cutoff scores were used to identify children who were "at risk" in each area. 3, 18 
Body Mass Index
During face-to-face interviews, interviewers weighed and measured children in light clothing without shoes. Weight was measured to the nearest 50 g with a digital bathroom scale (code 79985) (Salter Australia, Springvale, Australia). Height was measured twice to the nearest 0.1 cm with a portable rigid stadiometer (code IPO955) (Invicta, Leicester, United Kingdom). If the measurements differed by Ն0.5 cm, a third measurement was taken. The height measurement used for analysis was the mean of the closest measures.
Maternal Psychological Distress and Family Demographic Characteristics
Because maternal psychological distress and family demographic characteristics have the potential to confound the relationship between BMI and mental health problems, we included these wave 1 characteristics in the analysis of results. 7, 19 Maternal psychological distress was assessed by using the Kessler K6 scale. 20 The mother's highest level of completed education was categorized into 1 of 3 groups (pre-high school, high school, or post-high school), and language other than English spoken by the mother at home was categorized into 1 of 2 groups (yes or no). Parents' occupations were initially categorized into 1 of 4 groups according to the Australian Standard Classification of Occupations (ASCO). 21 Families were then assigned to a group on the basis of the occupation of the parent who had the highest level of occupational specialization according to their ASCO score. Gross family weekly income was obtained by summing all reported sources of income across adult members of each family. The summed total was divided by the square root of the number of household members to adjust for family size. 22 Level of neighborhood disadvantage was assessed by use of the Socioeconomic Indexes for Areas (SEIFA) disadvantage index. 23 SEIFA indexes are standardized scores (mean: 1000 [SD: 100]) compiled from census data to describe social and economic conditions in geographical areas of Australia. Lower scores indicate greater disadvantage.
Statistical Analysis
We used 2 sets of logistic regression analyses to examine the relationship between children's BMI and their mental health and HRQoL at 8 to 9 years of age. With the first set of analyses we examined the relationship between children's BMI at 4 to 5 years and their level of mental health problems and HRQoL at 8 to 9 years. With the second set of analyses we examined the relationship between change in children's BMI between the ages of 4 to 5 and 8 to 9 years and their level of mental health problems and HRQoL at 8 to 9 years. In sensitivity analyses to examine the potential for reverse causation, we regressed baseline levels of mental health problems and HRQoL at 4 to 5 years of age on both BMI at 8 to 9 years and BMI change between 4 to 5 and 8 to 9 years.
In all the analyses, recommended cutoff scores on the SDQ and PedsQL (coded 0, 1) 3, 6, 17, 18 were employed to identify children with problems on each SDQ and PedsQL scale. Three approaches were used to measure children's BMI: (1) BMI z scores derived from LSAC data standardized for age (months) and gender; (2) BMI raw scores; and (3) BMI z scores standardized for age and gender by using the US Centers for Disease Control and Prevention 2000 reference values. 24 The substantive findings varied little for analyses performed with each of these approaches. In this article we report the BMI z scores derived from LSAC data. Supplemental Table 5 , Supplemental Table 6 , Supplemental Table 7 , and Supplemental Table 8 show results obtained by using the 2 other approaches to measure BMI. Sampling weights were not applied in any of the analyses because the aim was to identify associations rather than estimate prevalence. Stata 10 (Stata Corp, College Station, TX) was used to conduct statistical analyses.
RESULTS
On the basis of International Obesity Taskforce definitions, 25 we determined that when children were aged 4 to 5 years, 1412 (82.5%) boys were nonoverweight, 222 (13.0%) were overweight, and 77 (4.5%) were obese. Among girls aged 4 to 5 years, 1301 (79.1%) were nonoverweight, 264 (16.0%) were overweight, and 87 (5.2%) were obese. Table 2 shows the relationship between BMI and maternal and child characteristics when children were aged 4 to 5 years. The adjusted regression analyses reported in Tables 3 and 4 were used to adjust for the effect of all these characteristics and for the effect of the relevant SDQ or PedsQL scale score when children were aged 4 to 5 years. Table 3 shows that children who had a higher BMI at 4 to 5 years of age were more likely to score above the recommended cutoff on parent-reported and teacher-reported SDQ peer problems scales at 8 to 9 years of age (see also Supplemental Table 5 and Supplemental Table 6 ). These children were also more likely to score above the recommended cutoffs on the teacherreported SDQ total difficulties and emotional symptoms scales. Children with a higher BMI at 4 to 5 years of age were more likely to score in the "at risk" range on the PedsQL total, physical functioning, and social scales. The PedsQL Social Scale particularly focuses on children's problems with peer relationships. Associations between increases in BMI from the ages of 4 -5 to 8 -9 years and later mental health problems were less evident, although children with larger increases in their BMI were more likely to score above the "at risk" cutoff on the PedsQL total, physical functioning, and social functioning scales (Table 3; see also  Supplemental Table 5 and Supplemental Table 6 ). In all these areas, adjustment for maternal and child characteristics, and the relevant SDQ or PedsQL scale score at 4 to 5 years, made little difference to the size of the odds ratios.
There was somewhat less support from parent and teacher reports for an association between children's level of mental health problems at 4 to 5 years of age and their BMI at age 8 to 9 years (Table 4 ; see also Supplemental Table 5 , and Supplemental Table 6 ). In this area, results of multiple regression analyses revealed differences (P Ͻ .05) between BMI scores at 8 to 9 years for children who scored above versus below the cutoffs at 4 to 5 years on the parent-reported SDQ total prob-lems scale and PedsQL school scale, and the teacher-reported SDQ emotional problems scale. For changes in BMI, there was a difference in the extent to which children's BMI changed between 4 to 5 and 8 to 9 years for children who scored above versus below the cutoff scores at 4 to 5 years on the parent-reported SDQ total difficulties and PedsQL school scales, and the teacher-reported SDQ emotional symptoms scale (Table 4 ; and Supplemental Table 7 and Supplemental  Table 8 ).
DISCUSSION
At 8 to 9 years of age, children who had a higher BMI at 4 to 5 years were more likely to be reported by parents and teachers to have peer problems than children with a lower BMI at 4 to 5 years. These effects were in the range of 15% and 20% higher odds of poor peer relationships, and it is noteworthy that the effects were already observable by the time children were 8 to 9 years of age. There was also evidence from teacher reports that children with a higher BMI at 4 to 5 years of age were having more emotional problems. These relationships remained evident after adjustment for baseline levels of mental health. Other areas of children's mental health did not show these associations with their BMI at 4 to 5 years of age. There was also little evidence that mental health problems in children aged 4 to 5 years were associated with high levels of BMI when these children were aged 8 to 9 years.
The period of development of children in this study covers the years during which children commence school and spend increasing periods of time among same-aged peers. It is a time when children's cognitive growth and greater social awareness may have an impact on their self-awareness. Results of previous prospective studies have suggested that a relationship between overweight/obesity and mental health problems may emerge after children commence regular schooling, when they are more exposed to the attitudes of children and adults outside their families. 9, 10 In this study, items comprising the SDQ peer problems scale and the PedsQL social functioning had a particular focus on the extent to which children were subjected to teasing and rejection by peers, lack friends, and do not participate in social activities with their peer group. Reports from both teachers and parents showed that children aged 8 to 9 years who had undergone larger increases in their BMI were experiencing greater problems in these areas than other children. In our previous crosssectional study conducted when children in the study were aged 4 to 5 years, this association between BMI and peer problems was not evident. 7 The findings of our study are consistent with suggestions by several authors that stigma may play an important role that mediates the relationship between obesity and low selfesteem in children, but we were unable to directly study the role of stigma in this investigation. 8, [26] [27] [28] [29] [30] [31] For example, Strauss 27 followed 1520 children aged 9 to 10 years in the United States for a 4-year period (National Longitudinal Survey of Youth). At base- 26 have reported that overweight adolescents in the community are more likely to be socially isolated and peripheral to social networks than normal-weight adolescents.
With the exception of teacher-reported emotional problems, there was little evidence that at age 8 to 9 years children with a higher BMI were experiencing other types of mental health problems. There are 4 possible explanations for these findings. First, it is possible that excessive weight has a particular impact on peer relationships and less effect on other areas of children's mental health. Second, peer problems and social isolation may be mediators through which weight gain has its impact on other areas of childhood mental health in the future. 32 If so, mental health problems in children with higher BMI in this study may not become evident until children are older and have been exposed to peer problems for longer periods of time. Third, although they are widely used for this purpose, the SDQ and PedsQL are relatively brief measures, and this characteristic may limit their usefulness for detection of children's mental health problems at the age of 8 to 9 years. It is also possible that there is no association between BMI change and mental health problems, and that the associations observed here with peer problems, although consistent across informants and questionnaires, were a chance finding among multiple comparisons, or arose because of residual confounding by other unmeasured background characteristics.
The strengths of our study were the use of a large, nationally representative sample followed prospectively to examine changes in BMI, and availability of reports from 2 informants (parents and teachers) who described children's mental health and well-being. The latter is important given the strong evidence of modest cross-informant agreement between parents and teachers when they described childhood mental health problems. 33 The main limitation was loss of participants during initial sampling and follow-up. This loss was more evident among socially disadvantaged families. However, although the loss may have led to the introduction of systematic errors in prevalence estimates, it may have had less effect on the associations reported from our study. 34 
CONCLUSIONS
Higher BMI at 4 to 5 years of age was positively related to later poor peer relationships and teacher-reported emotional problems, but not to other childhood mental health problems. There is a need to examine in additional prospective studies whether weight gain, problematic peer relationships, and social isolation generate mental health problems in other domains as children progress through primary and secondary school. 
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